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Chapter I - Stream Classification
INTRODUCTION
Need for River Classification
The management of stream systems is
complex and involves multiple agencies (e.g,
Illinois Department of Natural Resources -
IDNR, Illinois Environmental Protection
Agency - IEPA), potentially competing
interests (e.g., development vs. recreation),
changing landscapes (e.g, conversion of native
landscapes to agriculture), and much more.
The current stream-classification project was
developed to give aquatic-resource mangers a
tool for simplifying the natural complexity of
river systems, uniformly characterizing
aquatic habitats, and stratifying sampling
effort, which is needed to provide effective
management in stream systems throughout
Illinois.
Statewide bioassessment programs face an
almost infinite number of physiographically
diverse riverine sites. In general, assessment
of condition at a site is made relative to some
standard or reference condition. In streams
and rivers, determining the appropriate
reference condition for a site is especially
challenging due to the large natural variability
that exists among and within systems. River
conditions are the product of landscape and
climatic conditions in the upstream catchment
(i.e., watershed), local valley constraints, and
unique ecological properties of the site. Thus,
there exists a need to simplify the natural
complexity of river systems through river
classification to better support assessment and
management activities.
Currently, the IDNR is developing a statewide
comprehensive wildlife-habitat (including all
aquatic species) conservation strategy that will be
used to better direct management and protection
efforts. Crucial to the success of this plan is
identifying the distribution and abundance of key
wildlife species and documenting the extent and
condition of their habitats. As resource managers
attempt to identify the distribution of key aquatic
species and their habitats, there is a need to
characterize aquatic habitats in a standardized
fashion statewide.
The IDNR and the IEPA monitor fish and
macroinvertebrate communities and instream
habitat through the statewide Basin Survey
program. As more demands are placed on staff
time, staff are forced to limit the number of sites
that are sampled each year. Due to this limitation,
it is imperative that biologists select sites that
adequately represent the systems to be monitored.
Currently, site selection is based on general
characteristics of stream habitat, location relative
to tributaries or point source pollution, and
relative position within the watershed (e.g.,
headwaters, middle, mouth). Additionally,
consideration is given for both representative and
unique habitats (IDNR 1999). Currently, state
biologists use best professional judgement and
have few tools to help them insure that they are
selecting sites that capture the river diversity
present. A river classification system will help
insure that stations selected address the variability
of aquatic-community types within a river basin.
River Classification Approaches
River classification is one method of stratifying
both management and sampling efforts in order to
more efficiently protect river systems. Gough
(1994) realized the utility of classifying rivers to
provide guidance for restoration and protection of
aquatic ecosystems within the Mackinaw River
Basin. Additionally, the Nature Conservancy
developed a protocol for classifying river
reaches and piloted their process in lower
Michigan (Seelbach et al. 1997) and the Illinois
River Basin (Higgins and Lammert 1998).
Other Midwestern states such as Michigan,
Wisconsin, Ohio, Missouri, Iowa, and Kansas
are currently classifying river reaches to better
support management decisions by identifying
unique species assemblages and aquatic
habitats, modeling species assemblages to
reaches of unsampled rivers, and providing a
framework on which to develop a monitoring
strategy. Development and further
enhancement of Illinois' river classification
will keep it on pace with efforts in other states,
which will ultimately help Illinois' resource
managers better manage and protect species
and their habitats.
Geomorphic river classifications (Rosgen
1994) assess valley and channel
characteristics, and are therefore descriptive of
some aspects of aquatic habitat. However
geomorphic classifications do not capture
variations in key ecological factors such as
chemistry and temperature that can strongly
shape aquatic biota. Therefore, Seelbach et al.
(1997) developed an ecological classification
for the streams of Michigan's Lower
Peninsula that uses biological criteria in
addition to abiotic criteria for delineating unit
boundaries. One of the first decisions that
must be made in the development of a
classification system concerns the
determination of the ecological unit that will
form the basis of the classification. Seelbach
et al. (1997) argued that river valley segments
form the most natural ecological unit and
represent physically and biologically distinct
spatial regions in river systems. Two features
of river segments make them particularly
appropriate as ecological classification units.
First, it should be possible to identify segments
in any river system in which key features (e.g.,
hydrology, chemistry, temperature regime,
channel morphology, channel habitat, sediment
budget, disturbance regime, community
structure) are relatively homogeneous within
each segment. Second, boundaries between
segments can be relatively distinct.
Since the proposal for this project was written
and the project was funded, various approaches
for delineating valley segments have been used.
Two general approaches currently being
promoted throughout the Midwest to delineate
valley segments are "bottom-up" and "top-
down". In a "bottom-up" approach, streams are
attributed with information (often with the aid of
automated tools in a Geographic Information
System; GIS), and adjacent arcs with similar
attributes are grouped to form valley segments.
Frequently, this approach generates large
numbers of rather short valley segments because
the likelihood of adjacent arcs having similar
combinations of attributes is small. In a "top-
down" approach, valley segments are defined in
the context of the landscape in which they reside.
Catchment characteristics, especially hydrology,
are used to define changes in stream character
that often occur at major tributary breaks,
physiographic boundaries, etc. Each valley
segment is then attributed with additional
information. The "top-down" approach
generates fewer, longer valley segments that are
more ecologically relevant. Because of
differences in approaches, approximately 5,000
valley segments were defined for Michigan by
using "top-down" approach, whereas 70,000
were defined in Ohio by using a "bottom-up"
approach. The difference in approaches has led
to an inconsistent definition of valley segments
among the Midwestern states. Currently, an
effort is underway in Michigan, Wisconsin, and
Illinois (funded by an EPA STAR Grant and led
by Paul Seelbach, Ph.D.) to use a combination
of the two methods for defining valley
segments. This hybrid "top-down/bottom-up"
approach will take advantage of automated
GIS tools, but will establish rules for
generating a desired number of ecologically-
relevant valley segments.
The objectives of this project are 1) to
delineate ecologically-relevant valley
segments, 2) to assign physical and biological
attributes to each valley segment, 3) to
develop a GIS database, 4) to determine
relevant ecological stream types (i.e., classify),
and 5) to document location of stream
restoration practices relative to stream types.
METHODS
Preprocessing Base Linework
Prior to generating the desired attributes, the
base linework used in the study needed to be
modified. The 1:100,000-scale, flow
validated, National Hydrography Dataset
(NHD) was used as the base linework for this
project. It is based upon the content of USGS
Digital Line Graph (DLG) hydrography data
integrated with reach-related information from
the EPA Reach File Version 3 (RF3) (USGS
2000). The NHD data for Illinois and portions
of adjacent states contributing flow to Illinois
were downloaded as individual subbasins
(formally referred to as USGS eight-digit
hydrologic cataloging units, which are now
referred to as NHDinARC workspaces) from
the USGS website (http://nhd.
usgs.gov/data.html). Downloaded files (i.e.,
NHDinARC workspaces) were decompressed
by using Winzip 8.1 to properly retain empty
tables (i.e., 0 bytes in size) that legitimately
exist in some workspaces. The removal of
empty files presents problems for tools and
applications that work with multiple
cataloging units and expect that each NHD
workspace contains the same set of tables. After
decompression, all NHD files were reprojected to
Illinois' custom Lambert Conformal Conic
projection.
Prior to generating attributes, several Arc Macro
Language (AML) programs were run to simplify
and clean the raw NHD data (NHD Processing in
Figure 1). To begin, 'fixnhd.aml' (Annis 2002)
was used to combine table attributes from the
various related tables inherent to NHD and attach
them to the arc attribute table (i.e., .aat). The
AML also removed the polygonal features (e.g,
lake/pond boundaries, left/right banks of larger
streams) resulting in a center-lined stream
network. In order for future processing to occur
correctly, processing units (PUS) were created to
include all individual NHDinARC workspaces
that drain to a common pour point. The
'append_NHD.aml' program (available at:
http://nhd.usgs.gov/tools.html#append) was used
to properly combine multiple NHDinARC
workspaces into a single workspace covering a
larger geographic area, while ensuring the
integrity of the data. Append_NHD.aml was
used for several reasons including that it properly
integrates multiple coverages and feature classes,
several related tables, and metadata from the
input workspaces into the workspace, and it
detects and properly resolves duplicate features
(e.g, a duplicate stream/river feature that touches
subbasin boundaries) into a single instance of
each feature (see documentation at
http://nhd.usgs.gov/tools.html#append).
Following the append process, a final set of
processing units (PUS) was created for Illinois.
Additional NHD clean up included reconnecting
or deleting disconnected stream arcs and
removing loops. Disconnected stream arcs were
identified by running the 'showdisconnects.aml'
(Brock 2002), in Arc 8 Workstation. When
possible, Digital Raster Graphics (DRGs)
were used to evaluate if a connection should
be made, or if the disconnected stream arc
should be deleted (Figure 2). If a connection
could be justified, then a node from the
disconnected stream arc was moved and
snapped to the desired stream arc. If needed,
then vertices on the newly connected stream
arc were moved to closely match the stream
lines as they appear on the DRGs. Next, all
loops (i.e., polygons) including braids,
interconnecting drains, and interconnecting
headwaters were deleted from the NHD
linework. Loops were identified by using the
"build as poly" command in Arc 8
Workstation. To the extent possible, DRGs
were used to decide which feature of each
loop was 1) the secondary flow channel, or 2)
more incorrect. The secondary or incorrect
channel were coded for removal and deleted.
Once all loops were removed, the
'streamflip.aml' program (Harvey and Pohl
1995) was used to orient all upstream arcs in
the same direction relative to a selected drain
point. If needed, the command was run twice
to orient all arcs downstream.
Attributing Stream Segments and Catchments
Three scales (i.e., channel, riparian buffer, and
catchment) were used to summarize various
datasets. A channel was defined as a node-to-
node confluence in the NHD dataset. Riparian
buffers for each channel varied in size
depending on the Shreve order (i.e., link
number) of the channel (Figure 3). Prior to
delineating catchments for each channel, tiles
from the National Elevation Dataset (NED)
were appended and ridge lines were forced to
match known subwatersheds (e.g., Illinois 12-
digit Hydrologic Units). The NED was
selected rather than a state digital elevation
model because it is consistent across state
lines. This process (NED conditioning in
Figure 1) yielded a conditioned digital elevation
model that was then used in ArcInfo Workstation
to generate catchments for each channel.
Following catchment delineation, individual
catchments will be aggregated to form upstream
catchments for each channel.
Following preprocessing of the NHD linework,
riparian zone delineation, and catchment
aggregation, additional data sets useful for
attributing streams and their catchments were
identified and gathered or created (Table 1).
Because streams outside of the Illinois state line
are included in the base linework, several
datasets (e.g., landcover, surficial geology)
required crosswalks to insure consistent codes
across state boundaries. After the crosswalks
were completed, the datasets and additional
AMLs were used to attribute stream channels and
their catchments (Figure 1).
Delineating Valley Segments
The combination "top-down\bottom-up"
approach for delineating valley segments
involves gathering or generating attributes for all
streams and their catchments, identifying a subset
of key ecologically-relevant attributes, and then
grouping adjacent streams with similar attributes
to form valley segments. After all attributes are
compiled, multivariate statistics will be used to
investigate which physically-derived attributes
are ecologically relevant by examining the
relations between fish assemblages and the
derived attributes. These key attributes will be
used to combine adjacent segments into valley
segments. The remaining attributes not used in
valley-segment delineation will be used to further
describe each valley segment.
Determining Stream Types
Because each valley segment will be
characterized by several attributes, each attribute
having several possible "values", the number of
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possible combinations of attributes will be
quite large. For example, in Seelbach et al.'s
(1997) classification, there were at least
840,000 possible combinations of attribute
values. However, a large proportion of these
would not be expected to occur (e.g., a brook
trout dominated fish fauna in a river segment
with warm July water temperature). We will
use the GIS database developed while
delineating valley segments to produce an in
initial array of segment types. When Seelbach
et al. (1997) performed such an analysis, the
result was an array of 49 segment types. Of
these, only 22 types occurred commonly in
Michigan's Lower Peninsula. This suggests
that it should be quite possible to produce a
meaningful and useful classification system
from the set of physical and biological
attributes that we have chosen to apply to river
valley segments in Illinois.
Linking Stream Restoration Practices with
Stream Types
Originally, we intended to use an IDNR
Stream Remediation Tracking System (SRTS)
to document the location of streambank and
instream restoration projects in relation to
stream types. The SRTS was developed by
IDNR and the Illinois Department of
Agriculture (IDOA) to track the location and
success of stream restoration practices,
primarily those practices funded by IDOA's
Streambank Stabilization and Restoration
Program and Conservation Practices Cost-
Share Program. However, shortly after this
contact was executed, the IDNR developed a
Conservation Practices Tracking System
(CPTS) to provide agencies and researchers
involved in the Pilot Watershed Program and
Illinois River Conservation Reserve
Enhancement Program (CREP) with a GIS-
based information system to track
conservation practices funded by federal and
state agencies within the CREP area. Due to the
popularity of the CREP program, the CPTS has
flourished and has replaced SRTS.
Unfortunately, the practices tracked in CPTS are
more upland, field-related practices such as filter
strips and wetland restorations, and the database
is not used to track streambank and instream
restoration projects. We are unaware of another
dataset of streambank and instream restoration
projects that could be used to investigate the
relations of restoration practices with stream
types. Therefore, we were unable to investigate
and ultimately complete this objective.
RESULTS
Preprocessing Base Linework
Twenty five unique processing units (PUS) were
identified for Illinois (Figure 4). In general, each
processing unit (PU) contains all of the streams
that drain to a common pour point (i.e., entire
catchments are preserved in PUS). For example,
18 cataloguing units comprised a single PU (i.e.,
Illinois River basin), which includes headwater
streams from Wisconsin. Basins that drain to the
Mississippi River and the Ohio River were kept
as individual PUS rather than being appended
(Figure 4) because Illinois' contribution to these
mainstems in relation to their total drainage was
minimal. Likewise, all basins draining to the
Wabash River mainstem were not appended to
form a single PU. Approximately two-thirds of
Indiana contribute drainage to the Wabash River
mainstem, and the additional area was beyond
the scope of this project.
Significant effort was spent evaluating
disconnected stream arcs and making
connections as necessary. The majority of
disconnected stream arcs were intermittent and
did not appear to be connected to adjacent
streams (Figure 2); therefore, they were deleted.
Additionally, small arcs frequently found near
islands and backwaters in mainstem rivers
were deleted. Groups of stream arcs that were
disconnected, but a DRG showed to be
contributing hydrologically via a pump
station, were connected. All loops including
braids, interconnecting drains, and
interconnecting headwaters were deleted from
the NHD linework. Overall, a very small
percentage of linework was deleted.
Attributing Stream Segments and Catchments
Initial watershed delineation is complete for
all of Illinois' PUS (Figure 1). Additionally,
the NED conditioning is complete for several
PUS throughout the state. A six foot
exaggeration for watershed divides was
deemed adequate in the completed PUS. In
general, a significance score of 300, which is
approximately 12% of points in the NED grid
cells, was adequate for the very important
points step (Figure 1). Conditioned digital
elevation models (Figure 2) have been
completed for several PUS throughout Illinois.
Additionally, channel catchments have been
generated for two test basins (Figure 5),
although individual catchments have yet to be
aggregated to form upstream catchments for
each channel. Attributes have yet to be
extracted for catchment boundaries (Figure 1;
Table 1).
Several of the variables listed in Table 1
required crosswalks to ensure compatibility
across state lines. For example, land cover
classes were simplified into subset of classes
(e.g., urban-commercial, agriculture non-
cropland; Table 1) to support consistent land
cover classes among Illinois, Wisconsin, and
Indiana. Several datasets identified in Table 1
were available for the entire Midwest (Figure
6), and are therefore standardized across state
boundaries. Standardized classes have been
adopted for surficial deposits and bedrock
type, and the crosswalks to these classes has
begun in Illinois.
Three channel attributes including Strahler
stream order (Figure 7), Link (i.e., Shreve stream
order which is the number of first order streams
upstream of a given channel; Figure 8), and
Dlink (i.e., Shreve stream order of the
downstream channel; Figure 9) are completed for
all PUS.
Recently, we received AML programs for
generating channel sinuosity, channel gradient,
and average depth to bedrock for each channel
segment, which are three of the five desired
channel attributes (Figure 1). Work on
generating these attributes will begin shortly.
The other two channel attributes (i.e., surficial
deposits type and bedrock type) cannot be
generated until crosswalks are completed for
Illinois, Wisconsin, and Indiana.
DISCUSSION
At the initiation of this contract, project staff met
with Mike Wiley, Ph.D., and Paul Seelbach,
Ph.D., to discuss methods used for defining and
classifying ecological valley segments in lower
Michigan. To the extent possible, we intended to
apply their methods to Illinois. Drs. Wiley and
Seelbach took a very "hands-on" approach to
delineating stream valley segments and
attributing each segment. After discussing their
project with them, we recognized the need to use
automated tools to make delineating valley
segments in Illinois more efficient. At the time,
the Nature Conservancy (TNC) was developing
automated tools for use on Reach File 3 data
(RF3 is the streams coverage that was the
predecessor to NHD) for defining and attributing
valley segments. After receiving the automated
tools from TNC, we encountered some errors in
the directionality of some stream channels (i.e.,
some flow upstream while other flow
downstream). Arc directionality is a key field
that is needed for the tools to work properly.
As we began to address the arc directionality
issue in RF3, the National Hydrography
Dataset was released. Classification efforts
such as Seelbach's and Wiley's continued
work in MI and Aquatic GAP were
transitioning the base linework from RF3 to
NHD. Therefore, we decided to base our
project on NHD linework instead of basing it
on RF3 and migrating to NHD in the future.
The transition to NHD created many
challenges for completing the stream-
classification component of the contract in the
allotted time. First, the NHD linework
required several pre-processing steps such as
appending subasins together to form
processing units, reconnecting or deleting
disconnected stream arcs, and removing loops.
This work was unanticipated in the project
proposal and took considerable time to
complete. Second, automated tools that were
created by TNC for delineating and
attributing valley segments worked on RF3,
but not with NHD. Until recently, few if any
automated tools were available for use with
NHD linework. Figures 5 and 7-9
demonstrate the potential for using recently
developed automated tools to generate
attributes on NHD linework. Currently, staff
working on the Great Lakes Aquatic Gap
project in Michigan are creating the rest of the
AML programs that will allow us to generate
the remaining proposed channel, riparian, and
catchment attributes (Figure 1) by January
2004.
After attributes are generated for all stream
channels and their catchments, a subset of key
ecologically-relevant attributes will be chosen.
Adjacent streams with similar attributes then
will be grouped to form valley segments. As part
of the federal EPA STAR grant that was
mentioned previously, we will continue to work
on delineating valley segments. We anticipated
having initial valley segments defined by June
2004. Following valley segment delineation, a
subset of attributes will be used to classify
segments into various types. These stream types
will be extremely useful to Illinois stream
managers for the purposes of uniformly
characterizing aquatic habitats and subsequently
stratifying sampling effort by stream type.
Chapter II - Stream Sampling Efficiency
INTRODUCTION
In Illinois, recent emphases on watershed
management, conservation, and the
development of regulatory criteria that
address biological conditions (i.e., biocriteria)
have highlighted the need for accurate and
reliable biological-assessment tools. One
such tool, the index of biotic integrity (IBI;
Karr et al. 1986) continues to be a major
component of resource-quality assessment and
regulation in Illinois (Bertrand et al. 1996).
Currently, several agencies including the
Illinois Department of Natural Resources
(IDNR) and the Illinois Environmental
Protection Agency (IEPA) rely heavily on IBI-
based biological assessments for many
purposes. Some examples include: to
evaluate effects of watershed-management
practices (e.g., Illinois Pilot Watershed
Program), to characterize the ecological health
of streams (e.g., Biological Streams
Characterization process), to guide the setting
of management and conservation priorities, to
meet federal requirements for water-quality
reporting (e.g., IEPA's 305B process), and to
define criteria for regulating the "uses" of
stream resources. Because state managers
rely on the IBI for many purposes, this project
was initiated to provide a means for judging
the accuracy and reliability of IBI-based
assessments and subsequently the
management decisions based on those
assessments.
An IBI score reflects a comparison between
the ecological health (i.e., integrity) of the fish
community at a "test" site with a community
of known high biotic integrity. A high IBI
score at a site indicates that the fish
community closely resembles a community
expected to exist under conditions that reflect
a relative lack of human disturbance. A low
IBI score indicates low biotic integrity,
presumably resulting from degradative effects
of human activities in the stream and its
watershed. To characterize the fish
community at a stream site and subsequently
to determine an IBI score, one needs a sample
of the fishes that occur at the site. Typically,
an IBI score is based on a fish sample
collected at a site on a single day. Because an
IBI score is determined from a sample of the
fish community at a site, the accuracy and
reliability of an IBI-based assessment depends
on how well the fish sample represents the
true community at a site. Two major
sampling requirements to ensure accurate and
reliable IBI scores are that all species present
be represented in the sample and that the
proportional abundances of individuals in
selected functional groups represent their true
values in the fish assemblage at the sample
site (Karr et al. 1986). Knowledge of the
degree to which these sampling requirements
are not met is necessary for judging the
accuracy and reliability of an IBI score and
any assessment based on that score.
In Illinois, the electric seine is the primary
sampling gear used in sampling the fish
community in wadeable streams. Several
characteristics of the stream habitat and biota
can affect electric-seine sampling efficiency
(Bayley and Dowling 1990). Varying stream
conditions such as high turbidity and high
flow velocity limit the ability of samplers to
see and net fish; therefore, fish-community
sampling is typically restricted to summer or
early-fall when most wadable streams in
Illinois are at base flow. Nevertheless, even
within this restricted period, turbidity and
flow conditions vary among streams in
different regions of the state and among
streams with different levels of anthropogenic
disturbance. Additional factors that likely
affect sampling efficiency at a site include
stream size, sampled area, and amount of
instream cover (Paller 1995). For streams in
east-central Illinois, Bayley and Dowling
(1990) found that electric-seine efficiency for
estimating species richness increased with
increasing proportion of riffle habitat but
decreased with increasing depth and surface
area of stream not covered by the seine.
Interestingly, they found no meaningful
relation between efficiency and "visual
impedance", a derived variable that
incorporated turbidity, instream and bank
vegetative cover, and depth. Further,
experience level of the sampling crew can
contribute to differences among fish samples
taken from streams with similar habitat
characteristics. For example, experienced
samplers are more efficient at setting secure
block nets, exposing fish to the electrical
field, and seeing and netting stunned fish. For
Illinois streams sampled by experienced crew
members, it is expected that differences in
turbidity, depth, and surface area covered by
the electric seine would influence estimates of
species richness and IBI scores.
Currently, IDNR fish-community samples in
wadeable streams are based on fish captured
in one pass with an electric seine (Day et al.
2003). When sampling heterogenous habitat
(i.e., habitat which is non-channelized or
channelized > 40 years ago), current IDNR
guidelines recommend a sampling distance
equal to at least one riffle/pool sequence
(preferably two to three sequences) or a
minimum station length of 100 m (IDNR
1999). A minimum of 15 to 21 times the
mean wetted stream width at normal base
flow is recommended when crews sample
more homogeneous habitat. In a recent paper,
Reynolds et al. (2003) recommended
sampling a stream distance equal to 40 times
the mean wetted stream width or a minimum
of 150 m was adequate to precisely score an
index of biotic integrity and to estimate 90%
of species richness in western Oregon.
Additionally, Lyons (1992) recommended a
stream length of 35 times the mean stream
width (at normal base flow), or a length equal
to three complete riffle-pool sequences when
estimating species richness with a DC stream
shocker in Wisconsin. Compared to these
studies, IDNR's current level of effort may be
insufficient to adequately estimate species
richness and IBI.
Although Bayley and Dowling (1990)
considered how electric-seine efficiency was
related to selected stream conditions such as
turbidity, depth, and stream surface area
covered by the electric seine, all of their
stream sites occurred in a part of a single
drainage basin in a region that inadequately
represents the among-region variability of
wadable stream sites throughout the entire
state of Illinois. Moreover, their results are
not directly applicable to current IDNR fish-
sampling protocols because they sampled
relatively short lengths of stream and used a
different crew size for collections. However,
their work does present some of the few data
where gear efficiency was based on absolute
abundance estimates using multiple gears and
mark-recapture methods. Further testing of
electric-seine efficiency over a broader range
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of stream types and stream lengths would
provide information useful for recommending
sampling guidelines that help define the
degree to which samples meet EBI sampling
requirements in every region of the state.
Even among sites (or at different times at a
site) sharing an equal level of biotic integrity,
1BI scores are expected to differ at least
slightly for two primary reasons: variability
in the way fish are sampled and natural
variability in the fish community through
time. As we discussed earlier, different
stream conditions, habitats sampled, samplers,
or gear types can contribute to differences
among fish samples taken at the same time
and place. Additionally, fish movements and
natural changes in chemical and physical
habitat conditions can contribute to
differences among fish-community samples
obtained at the same site over relatively short
periods of time (e.g., a few days or weeks).
Determining the degree to which IBI scores
differ because of these influences provides a
measure of precision, which consequently
allows a direct assessment of the reliability or
confidence in an 1BI score or in comparisons
thereof. Despite the many uses of the 1BI in
Illinois, only one study provides direct
measures of the sampling variability in EBI
scores at stream sites in Illinois (Karr et al.
1987). However, Illinois' 1BI was recently
revised (Smogor 2000), and empirical
evidence is lacking regarding the degree to
which 1BI scores generated by using the
revised index should be expected to vary in
the absence of any real differences in biotic
integrity. This information is needed to judge
the reliability of IBI-based assessments based
on the revised index.
The objectives of this study are to 1)
determine the effect of increasing number of
electric-seine passes (i.e., multiple-pass
component) or reach length (i.e., length
component) on species richness and 1BI under
varying stream conditions, 2) develop models
that will predict an adequate amount of
sampling effort for streams with varying
conditions, and therefore, sampling
efficiencies, 3) use the developed models to
suggest sampling guidelines in a format
usable by state biologists, and 4) determine
the magnitude of difference in an 131 score




To allow addressing a range of sampling
conditions, we selected a set of stream sites
that reflect a broad range of regional
differences in ambient turbidity, water depth,
riffle-run-pool morphology, channel shape
and size, particle composition of the stream
bottom, amounts of instream cover, and fish-
species composition (Figure 10). Stream
conditions to be sampled were identified and
potential sites meeting these conditions (e.g.,
low gradient, muddy bottom, and woody
debris) were compiled. Field sheets from
previous IDNR samples were reviewed for
each potential site to gather additional
information on abundance and diversity of
fish collected, sampling conditions (e.g.,
conductivity and turbidity), and access.
Following data sheet review, potential sample
sites were narrowed and field reconnaissance
began. Initial field visits consisted of walking
the stream, identifying potential sampling
reaches, and documenting current stream
conditions.
Twelve sites were sampled in June - October
2000 for the multiple-pass component, and
eleven sites were sampled in June-October
2001 for the length component of the study
(Figure 11). When stream conditions
permitted, sites sampled for the multiple-pass
component of the project were resampled for
the length component. Eight of the eleven
streams sampled in 2001 included reaches
sampled with multiple passes in 2000 (Figure
11). Furthermore, another site (i.e., Piasa
Creek) was sampled in both years; however,
crews electroshocked downstream of the
bridge in 2000 and upstream in 2001 because
of several severe debris jams that were present
downstream of the bridge in 2001. Two new
sites (i.e., Lost Creek and Bay Creek Ditch)
were sampled in 2001. These sites resembled
channel shape and size, bottom substrate, and
flow conditions at the Locust Creek and Bay
Creek sites from the multiple-pass study
conducted in 2000, respectively.
Electric seine and sampling crew
An electric seine (Day et al. 2003), the
primary gear used by IDNR biologists for
sampling fish in wadeable streams, was used
to collect fish in both the multiple-pass and
length components of the study (Figure 12).
A crew consisted of at least six members and
was composed of two members who operated
probes and collected fish with small dip nets;
three members who collected fish with large
dip nets; and one person who controlled the
boat, cords, and cared for fish in the live well.
Fish passage into or out of the section was
prohibited by block net sets positioned at the
upstream and downstream ends of the sample
reach. The electric seine was pulled by the
sampling crew to the upstream block net, and
stunned fish were collected throughout the
sampling reach. After each electric seine run,
easily identified fish were measured in the
field and placed in a live cage for release after
all passes were complete (multiple-pass
component) or released outside of the
downstream block net (length component).
All other fish were jugged and preserved with
10% formalin for later identification in the
laboratory. Fish sampled from each pass or
each section were kept separate to allow
comparisons of single-pass vs. multiple-pass
information or incremental lengths,
respectively.
Multiple-pass component
Sites were composed of an individual stream
section that included at least one meander or
riffle-pool sequence or a minimum of 100 m
(IDNR 1999). This distance was consistent
with the minimum station length
recommended in current IDNR sampling
protocols. Fish were sampled by pulling the
electric seine upstream between the block nets
multiple times until a reasonable depletion of
fish was observed or daylight ceased. Similar
to Angermeier et al. (1991) and Paller (1995),
the multiple-pass sample was used as the best
estimate of true species richness and fish
abundance at the site against which lesser
efforts could be compared. After completing
each pass, one crew member floated the gear
back to the starting point while the rest of the
crew exited the stream channel via the bank to
avoid creating excess turbidity. Following
each pass, one crew member cleaned the
downstream blocknet by using a dip net; any
fish collected in the downstream blocknet
were included in the sample. To the extent
possible, crews waited between passes to
allow sediment to settle from the water
column. Turbidity was measured prior to
each pass by using either a turbidity meter
(ntu) or secchi disc (in).
Length component
We assumed that the fish-community
information obtained in a sample of
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"excessive" stream length represented the fish
community at each site. "Excessive" stream
length of about 70 times the average wetted
stream width, which is double Lyons (1992)
recommended effort of 35 times the mean
wetted width, represented a practicable
standard. Sites were divided into 10
approximately equal-length sections and
sampled with the electric seine in order to
quantitatively assess the effects of increasing
the sampled stream length on fish community
samples (i.e., to determine if more species are
added to the community sample when greater
lengths of stream are shocked). Seven of the
ten sections at the first site sampled in the
length component of the study (i.e., Burton
Creek) were sampled with two passes of the
electric seine. The reason for performing this
level of effort was to gauge whether doing so
at all sites was acceptable or if sample
duration would be so great as to hinder overall
productivity. As the time required to perform
two passes proved excessive, sections at all
other length component sites were sampled
with one pass of electric seine.
After a section was sampled, one crew
member cleaned the downstream block net by
using a dip net, and the fish contained in the
block net were added to the sample.
Following cleaning, the block net was
removed and moved upstream to become the
upstream block net of the next section. This
method of moving block nets continued until
a reasonable number of sections were sampled
or until daylight ceased. Similar to data
collected in the multiple-pass component of
the study, secchi depth (cm) was measured
and recorded prior to sampling each section.
Habitat Collection
At each site sampled via multiple electric-
seine passes, in-stream habitat data were
collected by using a point-transect method.
Eleven equally-spaced transects were placed
throughout each site. Wetted width (m) was
measured and channel unit (e.g., riffle, lateral
pool) was visually assessed for each transect.
At eight equally-spaced points along each
transect, physical habitat parameters
including: wetted depth (mm), size of picked
(mm) and largest (mm) bottom substrate were
measured. Embeddedness of predominate
substrate (%), type of bottom cover, presence
or absence of canopy, and type of cover for
fish (in a 10 cm ring around point) were
visually assessed. Only a subset of these
parameters were used in later analyses.
During the length component of the study,
habitat methods differed slightly as crews
applied a modified point-transect method in
the thalweg of the stream to ensure adequate
information for each section of stream
sampled. Ten equally-spaced transects were
placed throughout each section. At each
transect, crews measured wetted width (m)
and thalweg depth (mm), and visually
assessed channel unit, predominant particle,
percent embeddedness of rocky substrate, and
fish cover. Particle size and embeddedness,
as well as fish cover, were assessed from
bank-to-bank in a 1 m band on either side of
the point.
Although the habitat collection method
differed from the method applied in 2000, the
features assessed were similar. Depth was
biased towards deeper spots in 2001;
however, points were not always selected in
areas of greatest depth. Rather, crews
identified the portion of stream with
concentrated flow (e.g., meander bend, riffle)
and then selected the deepest point within that
section. Therefore, we felt that the points
chosen in 2001 adequately represented the
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transect from which they were sampled.
Further, the generalized information collected
in 2001 in the thalweg, and visually assessed
across each transect, provided similar
information to that gathered at multiple points
along a transect in 2000.
Data Analyses
Principal Components Analysis.-- Habitat
data were summarized as proportions in terms
of variables that affect sampling efficiency
(Table 2). The data were analyzed via a
Principle Components Analysis (PCA) with
the intent of collectively grouping sample
sites from both the multiple-pass and length
components according to similarities in
efficiency variables. Also, we hoped to
determine whether sites sampled in
consecutive years (i.e., in both the multiple-
pass and length component) fell within the
same efficiency groupings. Such a result
would suggest that efforts aimed at sampling
under similar habitat conditions, and thus,
maintaining like sampling efficiency across
years were successful. The arcsine of the
square-root data transformation was used to
address the assumption of linearity, and thus,
to aid in clear definition of groups of sample
sites along influential gradients. An a priori
criterion (see Anonymous 2003) of two was
set for the number of axes (i.e., principal
components) that were to be extracted from
the analysis. Factor loading coefficients were
assessed to determine which efficiency
variables were most correlated with each of
the axes. Once each of the efficiency
variables were attributed to a respective axis,
efficiency groups were identified, then
categorized as great, moderate, and least
efficiency. These categorizations were based
on experience, and knowledge of the
efficiency observed during samples collected
in streams possessing characteristics similar
to those of the groups defined by the PCA.
Rapid Assessment Flow Chart.-- The
variables which led to distinct groupings of
sites of similar sampling efficiency in the
PCA, were used to develop a flow chart that
biologists can use to rapidly assess which
efficiency group best describes a potential
sample site. Generalities of the characteristics
of each of the efficiency groups were
necessary in order to insure maximum
applicability of the flow chart across Illinois
streams.
Monte Carlo simulations.-- One series of
sections were sampled per stream in the
length component of the study, which
provided only two cumulative species
accumulations (i.e., species can accumulate
upstream or downstream). As variability may
be influenced by the number of samples
collected, the potential existed for estimates
of the proportion of species collected at a
given reach length to be highly variable. In
order to reduce variability around these
estimates, and in essence minimize the
influence of sample order on this and further
analyses, Monte Carlo simulations were used
to generate hypothetical series of sample
sections. The procedure constructed series by
randomly selecting sample sections (without
replacement) up to the total number of
sections actually sampled within a stream.
For example, in one simulation for Mosquito
Creek, a sequence of 10 sections was
constructed, and cumulative proportion of
species collected was estimated for 10
individual reach lengths. A total of 200
simulations were run for each stream, after
which the procedure calculated an average
species accumulation. Other studies have
deemed 200 simulations acceptable to reduce
variability (e.g., Angermeier and Smogor
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1995); thus, 200 simulations was viewed as
acceptable for this study. Monte Carlo
generated values for proportion of species
collected over a given reach length were used
in all subsequent analyses related to
determining sampling effort required to
accurately assess stream-fish communities.
Monte Carlo simulations were not generated
for the multiple-pass component of the study
because it is inconceivable to randomize order
of passes (i.e., passes are made consecutively
resulting in depletion of the fish community)
or reach length (i.e., samples were collected
over a single length of stream only).
Moreover, Monte Carlo simulations could not
be used to generate an average IBI
accumulation over different reach lengths
because no efficient means (i.e., lack of
computer software) of calculating 200
cumulative IBI accumulations exists, and time
constraints prevented us from performing
extensive calculations manually.
Data Estimation.-- With one exception
(i.e., Burton Creek), multiple passes with the
electric seine were not performed in the length
component of the study due to time and
logistical constraints. Instead, up to 10
individual sections were sampled in series
with a single pass of the electric seine. Of
utmost concern was that performing multiple
passes in each section would extend sample
times from day-long to multiple-day events in
which the probability of occurrence of a
storm, which could temporarily alter habitat
conditions, was likely to increase. As a
remedy to this shortcoming (i.e., the lack of
multiple passes in the length component of
the study) in our sampling design, the results
of the PCA were assessed to determine if sites
sampled in consecutive years (i.e., in both the
multiple-pass and length components) fell
within the same efficiency groupings. The
confirmation of such a scenario would lend
support to the notion that habitat conditions,
and thus sampling efficiency, did remain
relatively constant despite collection of
samples at different points on the temporal
scale (i.e., 2000 versus 2001). Similarities
across years might also be extended to include
community composition and species richness
(i.e., similar habitat conditions would harbor a
similar fish community). As a result of these
similarities, one might expect that the rate of
increase (i.e., slope) in proportions of species
collected or IBI between consecutive passes
with the electric seine should remain
relatively constant. Given these assumptions,
the multiple pass data were used to estimate
multiple passes for the length component data
set. For sites sampled in both years, rates of
increase in proportion of species or IBI
between consecutive passes were estimated
according to the following equation:
R = P/(P + 1) (2-1)
where R = rate of increase, P = proportion of
species or IBI at X number of passes, P + 1 =
proportion of species or IBI at X + 1 number
of passes. The rate of increase between the
first and second pass for a given site was
multiplied by the proportion of species or IBI
value that resulted from a single pass over a
given reach length for the same site sampled
in the length component of the study. The
resulting value represented an estimate of the
proportion of species or IBI that would have
resulted given a second pass was made over
the same reach length. The same process was
employed to estimate a third, fourth, fifth,
etc., pass. Additional passes for the length
component were estimated up to the
maximum number of passes performed in the
multiple pass component of the study only.
Rates of increase used to estimate multiple
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passes for length component sites that were
not sampled in the multiple-pass component
of the study were derived from averaging
proportion of species or IBI from all multiple-
pass sites within an efficiency group identified
by PCA, and by subsequently performing the
calculations outlined above.
Analysis of covariance. -- Analysis of
covariance (ANCOVA; SAS Institute 1996)
was used to determine if pass and reach length
(covariates) accounted for a significant
portion of the variability in proportion of
species (response variable) and IBI
(classification variable) over the efficiency
groups identified through PCA. The model
was of the form:
yi= Po + 9E3j + p,P1 + P2Li+ EP3(Li x E) (2-2)
where y, represents the arcsine of the square
root of the proportion of species (ps) or log, of
IBI, Po an intercept parameter, P1 the
efficiency group parameter, E the efficiency
group, 3, the slope parameter for number of
passes, Pi the log, of number of passes, P2 the
slope parameter for reach length, L, the log, of
reach length, and 33 the coefficient of
interaction between reach length and
efficiency group. The p, or IBI were
estimated as:
pS = [sin (yi)] 2  (2-3)
IBI = e y  (2-4)
Multiple linear contrasts (SAS Institute 1996)
were used to test for differences in proportion
of species and IBI among efficiency groups.
Data transformations (i.e., arcsine, log) of
covariates and response variables were used
to address assumptions of linearity,
homogeneity of variances, and thus, improve
fit of the resulting models. The amount of
sampling effort (i.e., number of passes and
reach length) needed to adequately assess fish
communities across streams of different
condition (i.e., streams having different
sampling efficiency) was estimated from the
model.
Significance testing
Significance for tests involving proportion of
species or IBI was set a priori at a = 0.05.
Limiting the probability of making a Type I
error (detecting differences when they do not
exist) was important to avoid unwarranted
claims regarding differential effects of
efficiency groups over passes and reach
length.
IBI Precision
Due to time constraints and the limited
resources available for this study, we were
unable to repeatedly sample several stream
sites within the same year or across years.
Therefore, existing fish-community data in
the IDNR database were examined to identify
samples that were obtained at the same stream
site during periods when biotic integrity was
likely constant (i.e., no apparent changes
occurred in the level of anthropogenic
disturbance to the site). Due to the nature of
IDNR survey methods, the data that most
closely fit the criteria were samples collected
at the same site in consecutive years. An IBI
score was calculated for each sample (i.e.,
each site on a given date) according to
methods outlined by Smogor (2000). For
each stream site, the average of total IBI
scores, standard error (SE) of the mean, range
of IBI scores, and percent difference in IBI
(i.e., range/60*100; the Illinois IBI ranges
from 0 - 60) were calculated. The SE was
used to derive 95% confidence limits for the
means (i.e., CL = mean + 1.96*SE).
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Confidence intervals were derived by
subtracting the lower confidence limit (LCL)
from the upper confidence limit (UCL; i.e.,
UCL - LCL). Percent differences in IBI were
averaged across sites to generate mean percent
difference in IBI. This value was then
multiplied by 60 to generate the magnitude of
difference in an IBI score that represents a real
difference in biotic integrity. Similarly,
confidence intervals were averaged across
sites. The resulting value was also interpreted
as a measure of meaningful difference in IBI.
Values derived for Illinois streams via each of
the methods described above were compared




Lengths of stream sampled ranged from 63-
121 m (Table 3), and were chosen to include
at least one meander or riffle-pool sequence or
meet IDNR's minimum sampling length of
100 m (IDNR 1999). If possible, sites were
selected that met both criteria. Four sites met
or exceeded 100 m, while the remaining eight
sites fell short of this guideline (Table 3).
Overall, a reasonable depletion of fish was
observed by completing multiple passes with
an electric seine at each site (Figure 13). One
site, Kickapoo Creek, was sampled with only
six passes (Table 3) to allow crew members
adequate time to sample an additional section
of stream for another project.
Length component
Sites ranged 407-998 m in length (Table 4),
and sample lengths were dependent upon
mean stream width (m). In general, the length
of stream sampled was adequate for species to
accumulate to an asymptotic level (Figure 14).
Seventy times or more the mean stream width
was sampled for five sites, slightly less than
70 times the mean stream width for three
sites, and less than 70 times the mean stream
width for three sites (Table 4). Although the
target sample length was not attained at some
sites, all sample lengths were still greater than
that which is typically sampled by IDNR
stream biologists; thus, samples were deemed
adequate for this study. Less than ten sections
were sampled in Lake Fork and Bay Creek
Ditch because of threatening weather
conditions and logistical difficulties,
respectively. Two passes with the electric
seine were performed in 7 of the 10 sections
in Burton Creek (i.e., the first site sampled in
the length component of the study).
Data Analyses
Principal Components Analysis.--
Cumulatively, 56% of the total variance in the
sampling efficiency data set was explained by
the first two principal components (i.e.,
principal component 1 = 41%; principal
component 2 = 15%). Principal component 1
was positively related to depth, clay, and silt,
but negatively related to gravel, rock, and
slope (Table 5). Principal component 2 was
positively related to width, visibility, cover,
and bedrock, but negatively related to sand.
Three distinct groups of stream sites likely to
exhibit different sampling efficiencies (i.e.,
great, moderate, least) were identified (Figure
15).
Rapid Assessment Flow Chart.-- The
rapid assessment flow chart requires that the
user (e.g, a streams biologist) visually assess
stream characteristics and subsequently
determine which description best describes
each assessed stream feature (Figure 16).
Efficiency group endpoints are either least,
moderate, or great efficiency, and differ
according to which group the majority of
assessed stream features are attributed.
Monte Carlo simulations.-- Average
species accumulations (i.e., those generated
from 200 Monte Carlo simulations that
incrementally constructed hypothetical series
of reach lengths) were, in general, quite
similar to observed species accumulations
(i.e., the actual proportions of the community
collected over a given reach length; Figure
17). Average accumulation data was used in
all further statistical analyses related to
determination of the amount of sampling
effort needed in order to adequately assess a
stream-fish community.
Effects of number of passes, length, and
efficiency group.-- Proportion of species
collected differed among efficiency groups (P
< 0.01), and was directly related to both
number of passes (P < 0.01) and reach length
(P < 0.01; Table 6). The slope value for reach
length (i.e., 32 ) was greater than that for
number of passes (i.e., i3) indicating that
species accumulate more rapidly when length
of the sample reach is increased as opposed to
making additional passes with the electric
seine over a reach of constant length (Table
6). An interaction between group and reach
length (P < 0.01) indicated that the relation
between proportion of species collected and
reach length is dependent upon group (Table
6). This relationship is best defined (i.e.,
steepest slope) for the moderate efficiency
group (greatest P2 + P3 value) and least
defined for the least efficiency group. The
great efficiency group was intermediate
between the other two groups and differed
significantly from both (Table 6).
The IBI differed
and was directly
passes (P < 0.01)
among groups (P < 0.01),
related to both number of
and reach length (P < 0.01;
Table 6). The slope value for reach length
(i.e., P2) was greater than that for number of
passes (i.e., 1i) suggesting that IBI increases
more rapidly when length of the sample reach
is increased as opposed to making additional
passes with the electric seine over a reach of
constant length (Table 6). An interaction
between group and reach length (P < 0.01)
indicated that the relation between IBI and
reach length was dependent upon group
(Table 6). This relationship is best defined
(i.e., steepest slope) for the moderate
efficiency group (greatest 32 + 33 value) and
least defined for the least efficiency group.
The great efficiency group was intermediate
between the other two groups and differed
significantly from the least efficiency group
only (Table 6).
Predicting sampling effort.-- Model
predictions for hypothetical stream sites
possessing a particular sampling efficiency
suggest that 90% or more of the species
composing the fish community can be
collected by making 2-3 passes with the
electric seine over a sample reach 150-200 m
(i.e., 492-656 ft) in length (Table 7).
Proportion of species changed similarly across
efficiency groups with additional electric-
seine passes over a fixed reach length (Figure
18). Generally, when a constant number of
electric-seine passes are made over different
reach lengths, the greatest proportions of
species were collected in streams of great
efficiency followed by those of moderate and
least efficiency, respectively (Figure 19).
These differences result in different reach
lengths that need to be sampled in order to
capture 90% of the total number of species
that were collected for each efficiency group.
Although analysis of covariance models
suggest that species may accumulate faster in
moderate efficiency streams (see paragraph
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above), model predictions indicate that the
proportion of species collected via the initial
pass or passes in a great efficiency stream is
greater than that of the other two efficiency
groups. Thus, slight differences in slope for
length between the great and moderate
efficiency groups (proportion model; P2 + 33
value; Table 7), although significantly
different, do not offset the magnitude of
difference in the initial proportion of species
collected between the great and moderate
efficiency group.
The IBI predictions were least for the
moderate efficiency group, greatest for the
least efficiency group, and intermediate for
the great efficiency group (Table 7). The IBI
increased similarly with additional passes
when reach length was held constant
regardless of efficiency group (Figure 20).
When number of passes was held constant
across reach lengths, IBI changed the least for
the least efficiency group while the change
was greatest for the moderate and great
efficiency groups (Figure 21). Moreover, the
initial IBI prediction was always greatest for
the least efficiency group.
A comparison between the sampling effort
typically employed by IDNR streams
biologists (i.e., passes =1; reach length = 100-
213 m or 328-700 ft) and potential sampling
guidelines determined via model predictions
suggests that current levels of effort may need
to be increased to obtain more accurate
estimates of fish community composition
(Figure 22). The typical IDNR level of effort
may result in the capture, on average, of 80%
of the total number of species that were
collected, but varied dependent upon stream
efficiency group. The degree to which a
greater reach length must be sampled in order
to attain capturing 90% of the total number of
species that were collected, as compared to
current IDNR protocols, is least for the great
efficiency group and greatest for the least
efficiency group; the moderate efficiency
group is intermediate to both.
IBI precision
Stream sites from five different IBI regions
were used in the development of an IBI
precision estimate (Table 8). The 113I scores
for streams sampled in consecutive years
throughout Illinois differed 2-57% and
averaged 17% (i.e., 10 points of a possible IBI
score of 0-60; ±5 points). The 95%
confidence intervals for IBI ranged from 1 to
21 points and averaged 10 points (i.e., ±5
points); the precision estimate produced using
these values was consistent with that derived
from percentage differences in IBI across
consecutive years.
DISCUSSION
Our contention is that sites sampled in both
the multiple pass and length components of
this study adequately account for the range of
stream conditions present in Illinois. Habitat
characteristics (e.g., gradient, substrate, or
water depth) were typical of base-flow
condition streams found in the various
drainage basins throughout the state. Such
characteristics ranged from low to high
gradient, clay to boulder substrate, sparse to
abundant fish cover, shallow to deep water
depth, narrow to wide stream width, etc.
Streams representative of opposing ends of
the condition spectrum (e.g., high vs. low
gradient, clay vs. boulder substrate) and those
that possessed intermediate characteristics
(e.g., moderate gradient, sand substrate) were,
in general, equally represented in samples
throughout the study. It is our belief that the
data collected for the purpose of improving
sampling effort, and thus, the accuracy of
species richness or IBI values was of high
quality. In most cases, an asymptote (i.e., the
point at which no species are added to the
sample) was achieved by over-sampling to
insure that the maximum number (or nearly
the maximum) of species were collected. The
few exceptions in which an asymptote was not
achieved were in length component streams
such as Bay Creek Ditch or Lost Creek. Both
of these streams were extremely uniform in
width and depth as well as channelized; thus,
species may have been distributed more
longitudinally versus laterally (Angermeier
and Smogor 1995). Despite failure to achieve
an asymptote in these streams, the PCA
suggested they were similar in condition and
sampling efficiency to other streams sites
(e.g., Bay Creek, Mosquito Creek, Flat
Branch) in which an asymptote was achieved.
In their study, Bayley and Dowling (1990)
used rotenone in order to get a more complete
fish community sample. However, use of
rotenone was done in conjunction with a
mark-recapture study as well as to avoid gear
bias. Mark-recapture studies are more
successful if fish are captured via independent
gears (e.g., electric seine and rotenone) of
relatively high efficiency so as to insure that
adequate numbers of fish are captured. Our
justification for not using an ichthyocide to
increase the probability of sampling an even
greater proportion of the community includes
that the use of an ichthyocide does not
necessarily guarantee the whole community
will be captured, but instead, only minimizes
the probability of missing fish. Also, such
methods are not readily available to the
Illinois streams biologist. It was our desire to
produce results that were most applicable to
current IDNR protocols. Presently, state
streams biologists base species richness and
IBI on samples collected with the primary
sampling gear (i.e., the electric seine) only.
Use of an ichthyocide is cost and time
prohibitive for streams biologists, and will
likely remain prohibitive in the future. Lastly,
ichthyocides may result in the capture of rare
species, and inclusion of this information into
the data set may not be warranted. It may be
most beneficial to focus the development of
sampling guidelines on that which is needed
to capture common rather than rare fishes
(Angermeier and Smogor 1995). Although it
is uncertain as to whether portions of fish
communities were left unsampled in this
study, we are confident that we minimized
gear bias by employing effort well in excess
of that which would typically be exerted by
IDNR streams biologists.
Given the multitude of variables that could
potentially contribute to differences in
sampling efficiency among stream sites, many
of which were not included in the PCA,
explanation of over half the variability (i.e.
56%) in the data set by the first two axes was
deemed acceptable. Extraction of a third axis
would require interpretation of the data in
three dimensions, which may greatly decrease
the usefulness of the ordination. Gauch
(1982) and Johnson and Wichern (1982)
stated that the first two axes account for much
of the total variance in the data set; often the
third axis is much less important than the first
two (Palmer 2003). Factor loading
coefficients are most interpretable when a few
variables are highly correlated with an axis
and the others are not (Dosen 2003). There
were a few variables (e.g., silt, cover)
included in the PCA in which this was not
necessarily the case; however, coefficients
always indicated that a variable was more
highly correlated with one axis or the other.
Moreover, locations of sites along each of the
19
axes were logical. Our conclusion was that
the output of the PCA is reasonable for
describing similarities in efficiency variables
among sample sites. Additionally, the
analysis was deemed applicable to streams
statewide given that the sample sites were
representative of streams typical throughout
Illinois.
Monte Carlo generated species accumulations
(i.e., average accumulations) were treated as
more adequate representations of expected
community samples at stream sites rather than
observed accumulations. Only one series of
reach lengths were sampled for length-
component sites which, in turn, yielded only
two possible species accumulation sequences
(i.e., upstream or downstream). Such a
scenario, if not accounted for, may contribute
to an inflated representation of variability in
the data (Angermeier and Smogor 1995) due
to lack of sample replicates. Randomization
of the order in which stream sections were
sampled as well as an increase in sample
replicates (N = 200 as compared to N = 2; see
METHODS for further explanation) provided
for more realistic estimates of the actual
variability in species richness data. It would
have been ideal to perform Monte Carlo
simulations on observed IBI accumulation
data (i.e., change in IBI). Given a lack of
personnel to compute IBI scores manually
(i.e., according to Smogor 2000), the potential
for added variability in the IBI data set had to
be accepted. Our belief was that any added
variability was of little consequence to our
final conclusions. Average species
accumulations (i.e., proportion of species) for
the length component sites were very similar
to observed accumulations, and one might
expect a similar scenario to hold for IBI data
given that the index relies heavily on species
richness data.
Proportion of species or total IBI can be
increased (or maximized) more rapidly by
expanding the reach length sampled rather
than by performing a greater number of passes
with the electric seine over a reach of constant
length. This relation may be attributable to
the incorporation of new habitat into the
sample with additions in reach length.
Different types of habitats satisfy the niche
requirements of different fish species (Pflieger
1997); thus, as a greater diversity of habitat is
included in the sample reach, the likelihood of
encountering a new species may be increased.
Conversely, when multiples passes are
performed over a reach of constant length no
new fish habitat is encountered. The same
habitat is sampled multiple times. The
potential still exists to capture new species
that were missed due to problems with
visibility, hindrances to netting, etc., but
habitat which holds new and unique species is
never sampled.
Differences in sampling efficiency, which are
often indicative of variable stream conditions,
must be considered. Failing to account for
sampling efficiency, especially when
manipulating reach length, could lead to the
introduction of unwanted variability that
could influence the accuracy of species
richness or IBI estimates. The three sampling
efficiency groups (i.e., great, moderate, least)
identified in this study by no means
encompass the multitude of variables that lead
to different conditions or sampling
efficiencies in Illinois streams. However, the
groups are practical in that they do
incorporate variables which can be readily
observed and assessed by streams biologists.
Currently, few methods are employed by
Illinois streams biologists to combat the
influence of in stream variables on sampling
efficiency.
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In this study, species accumulated (i.e.,
proportion of species) the quickest in
moderate efficiency streams. These streams
are those that are typically uniform in width
and depth, are somewhat turbid, have only
moderate amounts of fish cover, and have few
types of impedance to netting fish. Despite
problems that were encountered with turbidity
when sampling these systems, methods such
as blind dipping (i.e., aggressively attempting
to net immobilized fish that are not directly
observed) were employed. Such efforts may
have contributed to the high rate of
accumulation. Biases toward exerting extra
effort in streams where problems with
efficiency are readily apparent may actually
allow us to maximize our efficiency in
capturing the fish community.
Analyses suggested that species accumulation
in great efficiency streams was similar to that
of moderate efficiency streams. However, the
reasons for the high rate of accumulation in
great efficiency streams may be slightly
different. Generally speaking, these streams
lack uniformity in width and depth, have
fairly diverse habitat, contain a lot of sand or
fine gravel, are quite clear, and are not so
highly structured as to prevent netting of fish.
Although habitat is more diverse as opposed
to moderate efficiency streams, the
complexity of habitat is still limited. Due to
lack of abundant structural complexity, these
systems do not have deep interstitial spaces
that harbor fish, and which often prevent
efficient extraction of fishes from their
preferred habitats via a dip net. Given great
efficiency streams may have the capacity to
hold more fish than moderate efficiency
streams (i.e., greater habitat diversity) and that
there are few types of hindrances to capturing
fish (e.g., turbidity or high structural
complexity), species accumulation occurs at a
fairly rapid rate. The rate of accumulation,
although not significantly different, may be
slightly less than that of moderate efficiency
streams because of our confidence in our
ability to see and capture fish. Rarely do we
exert extra effort (e.g., blind dipping) in these
streams, but are often faced with hindrances
such as slightly higher flow that may sweep
some fish downstream before they can be
netted.
Rate of species accumulation in least
efficiency streams was more gradual that of
great and moderate efficiency streams. These
systems often have very diverse habitat (e.g.,
coarse gravel, cobble, boulders), are shallow,
and have higher flow rates. Not only is
habitat diverse, but it is also very structurally
complex. It consists of many deep interstitial
spaces that can harbor fish, and because these
areas are quite common, they can be
troublesome when attempting to net stunned
fish. High flow may also confound the
aforementioned problem by sweeping portions
of the community downstream before they can
be netted. Although these systems may
support abundant fish communities,
limitations in our ability to capture many of
these fishes may explain the gradual rate of
accumulation of species.
Total IBI changed most rapidly in moderate
efficiency streams. The IBI may be less
dependent on changes in species richness, but
more so, on proportional changes in species.
Despite the inability of these streams to
support a diverse fish community, the fish that
were present were rapidly depleted.
Uniformity in habitat coupled with aggressive
blind dipping may have aided in fish capture.
It follows that effectiveness in capturing the
community may lead to the proportional
changes in species abundance that impact
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total IBI score. Although new species are not
added to the sample regularly, numbers of
species that were already represented in the
sample were constantly being adjusted.
The high rate of change in total IBI score for
great efficiency streams may have been the
reflection of a fairly diverse fish community
as well as the lack of complex instream
habitat. Although habitat lacked great
complexity, it was still adequate to support
many different fish species. Because these
streams did not have an abundance of
interstitial spaces in which fish could hide,
capture of fish was not inhibited by physical
structure. The community was depleted quite
quickly, and not only did efforts result in
capturing many different species, but also in
collecting high numbers of those species.
Thus, proportional changes in abundance may
have directly impacted total IBI score and
changed it very quickly with additional effort.
Least efficiency streams supported a very
diverse fish community. Despite high
diversity, much difficulty was associated with
the capture of fish due to the high structural
complexity of available habitat. Although
many different species were collected, we
failed to collect high numbers of any one
species. Proportional abundances did not
change greatly; thus, this may provide
rationale as to why, in great efficiency
streams, total IBI score remained relatively
constant with increases in sampling effort as
compared to great and moderate efficiency
streams.
Differences in the level of proportion of
species or IBI among the three sampling
efficiency groups may have been related to
both the ability of streams within the groups
to hold a given number of species and our
ability to capture those fishes. Each set of
streams within a particular efficiency group
are characterized by different habitat
conditions. These differences are likely
related to natural variability and, also, degree
of human disturbance. Regardless of the
mechanism for the differences, certain
streams will only support certain fish species.
To confound the matter to an even greater
degree, the presence of quality habitat and a
healthy fish community, does not necessarily
guarantee all fish within the community will
be caught via sampling. The highest
proportions of species may have always been
caught in great efficiency streams because
these streams support a healthy community
which has few hindrances to capture. Despite
our abilities to capture fish in moderate
efficiency streams, lesser proportions of
species were always produced in this study,
potentially, because these streams often lack
the ability to support a multitude of fishes.
Conversely, least efficiency streams may have
the least proportions because hindrances to
capturing fish are far too great to overcome
despite the ability of these systems to harbor a
very diverse fish community. Levels of IBI
appeared to be directly reflective of species
diversity, and thus, indirectly reflective of
habitat conditions. Total IBI was likely
greatest in least efficiency streams because of
excellent species diversity and habitat
conditions, least in moderate efficiency
streams because of poor diversity and habitat
conditions, and intermediate in great
efficiency streams because of good diversity
and habitat conditions. Inadequacies in our
ability to collect the entire community in
some streams may have affected overall levels
to some degree, but appear to be reflective of
reality.
Consideration might be given to revising
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current IDNR stream sampling protocols.
More accurate estimates of proportion of
species and IBI can be produced by increasing
the amount of sampling effort (i.e., increasing
the number of passes made with the electric
seine over a constant reach length or
increasing reach length when number of
passes is held constant accounting for
sampling efficiency) performed at a stream
site. Illinois streams biologists typically make
a single pass over a 100-213 m (i.e., 328-700
ft) reach. Current protocols may lead to the
collection, on average, of only 80% of the fish
community (see Figure 22). Sampling an
additional 50-100 m could increase that
percentage to nearly 90% or more (see Table
7 or Figure 22). Moreover, performing an
additional pass or passes may aid the biologist
in collecting additional species or an even
greater proportion of a species, and thus, a
greater proportion of the overall fish
community. The collection of better fish
community samples will, in turn, lead to
greater accuracy of species richness and IBI
values. Species not previously represented in
the sample may be obtained, and inclusion of
these fishes into the sample will be a step
towards collecting the maximum number of
species at a site and obtaining the best species
richness and IBI estimates possible.
The proportion of species and IBI models
produced in this study can be used to guide
sampling effort in order to maximize
sampling efficiency. To guide sampling
effort, the biologist might rearrange the
proportion model (see Table 6) so that the
resultant output is length. The biologist could
then input the proportion of the fish
community that would be ideal to collect
(e.g., 1 or 100%) and the number of passes
that are to be performed (e.g., 1) while taking
into account the efficiency of the stream to be
sampled. Efficiency group could be
determined by referring to the flow chart (see
Figure 16) produced for rapidly assigning a
site to a potential sampling efficiency group.
A quick calculation would result in the output
of the reach length that one needs to sample in
order to maximize the capture of the entire
fish community when making a single pass of
the electric seine. In addition, the biologist
might solve the IBI model to determine the
IBI value that may be produced by exertion of
an equivalent amount of sampling effort (i.e.,
the amount of effort used to maximize
proportion of species). In order to promote
efficient use of time, the biologist might refer
to the table of sampling guidelines (see Table
7) that was developed as part of this study.
The table shows the results of substituting
different combinations of 1-3 seine passes and
reach lengths of 100-300 m (i.e., 328-700 ft)
into the model while taking into account each
of the three sampling efficiency groups (i.e.,
great, moderate, least).
The models developed in this study might also
be used to develop correction factors so that
data collected in wadeable streams under
existing protocols is comparable to that
collected under, potentially, new protocols.
The first step in developing a correction factor
might be to reference historical data sheets
and qualitative habitat data for all sites within
the IDNR fisheries database. Upon viewing
this data, determinations can be made for a
stream site with regards to efficiency group,
reach length, and the number of passes
performed with the electric seine. Given that
the data for each of these variables are
obtained, they can be substituted into the IBI
model. The output values would represent
predicted IBI scores had scores been
calculated under the newly revised methods
for Illinois (i.e., Smogor 2000). Historically,
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IBI scores for wadeable streams were
calculated via methods developed by Karr et
al. (1986), but these scores are not comparable
to those calculated under new methodology.
Problems with comparison between the
original and revised IBIs stem from
differences in the number of metrics and their
corresponding scores which, ultimately, lead
to differences in the range of possible IBI
scores (Smogor 2000). Due to such
inconsistencies, historical IBI scores should
not be used in developing a correction factor.
Scores generated via the revised IBI (Smogor
2000) could be averaged across efficiency
groups, and the averages subtracted from the
predicted IBI that corresponds to the level
effort which captures the desired proportion
of the community. For example, IDNR
streams biologists may wish to capture nearly
90% of the community with one pass of the
electric seine across all efficiency groups.
Average values would be subtracted from 47,
39, and 51 (see Table 7) for the great,
moderate, and least efficiency groups,
respectively. The values resulting from the
subtraction would be representative of the
average number of points that IBI scores
calculated according to new methodology are
greater than those calculated under existing
methods. The value for each efficiency group
can be added to an IBI score calculated for a
site according to existing methodology to
derive the IBI score that may have been
attained given adequate sampling effort (i.e.,
the number of passes and reach length needed
to capture 90% of the fish community as
suggested by Table 7).
Any predictive model has limitations, and the
models developed in this study are no
exception. For instance, although natural
variability from year to year was limited in
this study, it still existed. Despite our efforts
to sample under like conditions in both
components of the project, doing so was not
always possible. Such differences in habitat
condition across the multiple pass and length
components of the study did, undoubtedly,
contribute to variability in the data set. Also,
estimation methods were used to fill in gaps
in the data set (i.e., to estimate multiple passes
in the length component of the study). Such
methods likely added even more variability to
the data. Ideally, it would be beneficial to
incorporate new data (i.e., where multiple
passes are made over many different reach
lengths), and rely less on estimation or
extrapolation methods. Next, both the
proportion of species and IBI models are most
applicable under ideal conditions. Using
model predictions to guide sampling effort
under conditions that deviate from base-flow
may not be that useful. Thus, one would want
to avoid using these guidelines after a stream
has been subjected to a major storm event.
Despite all the sources of variability in the
data set, model estimates of the sampling
effort needed to capture a certain proportion
of the community or achieve a certain IBI
value are reasonable. Moreover, model
estimates are suggesting that effort exerted
under current IDNR protocols is not adequate,
and needs to be increased. If model
predictions are incorrect, the error which we
would likely make is to over-sample a site.
However, exerting too much effort is a far less
costly mistake than if one exerts too little
sampling effort. Under-sampling can lead to
poor management decisions if samples are
viewed as true representations of fish
communities in streams when in reality they
are not. Field testing of model predictions
may be necessary to determine whether
predictions actually represent reality. Such
investigations might focus on the degree to
which the actual values (field collections) for
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proportion of species or IBI are, potentially,
greater than model predictions. Determining
the degree to which values are less than model
predictions is of little concern as the models
suggest level of effort should be increased
rather than decreased (i.e., it is unlikely that
exerting more than the current level of effort
will result in more inaccurate fish samples).
Violations in statistical assumptions such as
homogeneity of variances or linearity were
observed via plots of the data or residuals.
Transformations of the data were performed
in an attempt to correct these problems to the
fullest extent possible. It is not our contention
that these transformations resulted in the
complete removal of violations, but rather
alleviated them. As most statistical analyses
were designed for perfectly balanced data and
strict statistical designs which were, of course,
lacking in this study due the nature of field
experiments, some unwanted variability in the
data had to be allowed.
The analysis of covariance models used in this
study assume that the slope of the regression
relationship between the covariates (i.e., pass
and length) and the response (i.e., proportion
of species or IBI) is the same for all factor
levels (i.e., efficiency groups). This
assumption is necessary to provide useful
inferences on mean proportions of species and
IBI. Parallel regression lines would indicate
that differences among mean proportion of
species or IBI are the same at any value of
passes or reach length. If the equal slopes
condition does not hold, then differences in
mean proportion of species or IBI across
efficiency groups vary according to the value
of the covariates. A model containing
covariates and treatments need not strictly
conform to the equal slopes assumption
(Freund and Wilson 1997). If the covariates
(i.e., pass and length) are affected by
treatments (i.e., efficiency groups) the
analysis may still be valid except that the
interpretation of results will be somewhat
more restrictive (Freund and Wilson 1997).
The computer program, PROC GLM (SAS
Institute 1996) allowed us to analyze the data
via analysis of covariance by considering
unequal slopes as interaction between the
covariates (i.e., pass and length) and
treatments (efficiency groups). Care had to be
taken in order to insure that interactions were
interpreted correctly. Interactions that lacked
significance were removed from the analysis
in a backward stepwise fashion in order to
arrive at the simplest and most useable model.
Our contentions is that the analysis of
covariance models generated in this study
provide a useful means in which to develop
quantitative stream-sampling guidelines for
IDNR streams biologists; thereby, improving
upon the rudimentary guidelines that were
implemented in the past.
The IBI precision value produced in our
analyses (i.e., mean difference = 17%; 10
points of a possible IBI score of 0 to 60) is in
relatively close agreement, although slightly
greater, than precision values produced by
other researchers. For instance, Karr et al.
(1987) found that IBI scores at a site in the
same year differed from 4 to 25 percent (mean
= 15 %, i.e., 7 points of a possible IBI score of
12-60). In addition, Karr et al. (1987) found
that among year differences in IBI scores at
sites with constant biotic integrity, and
sampled during the summer, ranged from 0-
25% (mean = 11%, i.e., 5 points). Lyons
(1992) found that differences in IBI of 10% or
less represent no meaningful difference in IBI.
For an IBI developed for assessing streams in
a major river basin in Oregon, Hughes et al.
(1999) reported precision of 8% for
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comparing IBI scores among years. The
precision value produced in this study may be
slightly greater than that of other researchers
due to characteristics of the data set compiled
from the IDNR database. Sites extracted from
the database were sampled up to seven
consecutive years. Moreover, data were not
necessarily limited to a short time period (e.g.,
summer). Uncertainty exists as to whether
natural changes in fish communities could
have occurred over time leading to a slightly
inflated IBI precision estimate. A future study
which incorporates a field component geared
towards sampling streams of constant
integrity over a limited temporal scale may
allow for the development of a more robust
IBI precision value for the Illinois IBI in the
future.
Both the benefits and costs of revising current
IDNR sampling protocols must be considered.
Benefits include the potential to sample a
greater proportion of the fish community,
maximizing total IBI estimates, collection of a
better overall sample, and ultimately, a more
accurate assessment of stream health. Costs
might include increases in sample duration
and processing time, and sampling fewer sites
in a field season. It may be more feasible to
sample the appropriate reach length with the
optimum number of passes at some sites
versus others (e.g., sampling with the
appropriate amount of effort would be easier
logistically in a great efficiency vs. a least
efficiency stream). It may still be acceptable
to increase sampling effort in a least
efficiency stream to a level above current
protocols without maximizing effort. It is
also of great importance to consider whether
changes in proportional species abundances
that occur via increased sampling effort
actually result in meaningful changes in IBI.
For example, by referring to Table 7, one can
determine the predicted IBI after sampling
100 m with one pass of the electric seine for
streams within each of the three efficiency
groups. It is also apparent that adding an
additional 100 m to the sample results in a
change in IBI of five, four, and two IBI points
for great, moderate, and least efficiency
streams, respectively. Given that in this study
we predicted that a meaningful change in the
Illinois IBI is 5 IBI points, it appears that extra
effort may be warranted in great efficiency
streams only. However, if an additional 200
m is added to the initial 100 m sample, one
can see that IBI scores change eight, seven,
and four points for great, moderate, and least
efficiency streams, respectively. Extra
sampling effort may be warranted in nearly all
streams within each of the efficiency groups.
The least efficiency group is the only
exception, and potentially, the failure to
change IBI meaningfully could simply be an
indication that in order to see a meaningful
change in IBI in these streams reach length
must be increased even further. Therefore,
failure to consider whether increasing
sampling effort is actually resulting in the
collection of additional information may be
crucial before implementation of more
stringent guidelines. Caution must be
exercised in order to insure that such increases
in effort do not fall short of the desired
outcome which is, ultimately, to get more
accurate representations of fish communities
that actually reflect meaningful changes, or
lack thereof, in stream health.
It was determined in this study that
differences in stream condition do lead to
differences in sampling efficiency. It follows
that efficiency must be considered before a
stream is sampled with the electric seine.
Failing to account for sampling efficiency by
increasing the number of seine passes, by
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adjusting reach length, or both may lead to
under-sampling of the fish community.
Ultimately, a false representation of the true
community may lead to an inaccurate
assessment (i.e. inaccurate IBI scores) of
stream health and poor management
decisions. The analyses performed in this
study have provided a means in which to
develop more quantitative sampling
guidelines, where in the past, few have
existed. Also, guidelines which promote the
use of a consistent amount of effort in
wadeable streams throughout Illinois are a
step forward in standardizing effort statewide.
These findings, coupled with future
investigations of the standardization of power
output across streams (i.e., conductivity
differences across streams are rarely
considered), may insure that samples
represent the most accurate picture of the fish
community within a stream as well as the
biological integrity of that particular
waterway. Increased quality of management
decisions based on more accurate stream
assessments will insure that Illinois streams
remain an important part of the ecology of
Illinois landscapes for many years to come.
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Table 3. Summary of sampling effort for the 12 sites sampled by using
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Table 5. Results from the Principal Components Analysis (PCA) used to
assess similarity in efficiency variables across both the multi-pass and
length components of the study. Values in the table represent factor
loading coefficients; bold values within a column indicate variables that
were most highly correlated with the respective principal component (i.e.,















Table 6. Models descriptive of ps (proportion of species collected) or yi (IBI)
relative to electric seine passes (Pi), reach-length (Li), the jth sampling
efficiency PjE, and the interaction between [jE and Li. The models are of the
form arcsine (ps)0* 5 or loge (yi) = Po + PilogePi + 321ogeLi + r3jE + P33 ogeLi X E.
For example, arcsine (ps)0 .5 = 0.0351 + 6.831oge(1) +13.31oge(100), and ps =
[sin (61.3)] 2 = 0.77. Values of 33logeLi X E within the same column that do
not have a letter in common differ significantly (P < 0.05). Parenthetical


















































Table 7. Model predictions of proportion of species collected and IBI at different
levels of sampling effort and efficiency. Units for length are meters (m) and feet
(ft), respectively.
Efficiency
Length and pass Great Moderate Least



































































































Table 8. Illinois stream sites and summary statistics used in the development of an
IBI precision estimate. Table values were derived from electric seine data only;
d = downstream; u = upstream; % diff = percent difference; CI = confidence
interval; parenthetical values represent standard error.





























































Mean (IBI precision estimates) 10(±5) 10(±5)
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mected stream arc (yellow).
own on DRG (blue).
Photo 2.
Figure 2. Photo 1: Example of disconnected stream arc that is shown to connect to adjacent stream
on the Digital Raster Graphic (DRG). In this example, the red node on the disconnected arc would
be moved and snapped to the connected NHD linework. Photo 2: Example of disconnected stream
arc (yellow) that does not appear connected to another stream on DRG (i.e., blue line does not
connect to another blue line). Therefore, this disconnected arc would be deleted.
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Figure 9. Example of downstream link number for the Big Muddy River Basin.
Relatively narrow channel with large woody debris. Relatively wide channel with cobble and boulders.
Stream bed comprised of predominately flat rock. Uniform channel with submerged macrophytes and
thick algal beds.
Figure 10. Examples of stream conditions that were sampled during the multiple-pass and length

































Figure 11. Location of sample sites for the multiple-pass and length components of the project.
0 Sample Sites: Length







Figure 12. Photol: Crew members sampling with the electric seine; Photo 2: Float boat
containing electrical generator which powers the seine; Photo 3: Crew members processing fish






2 4 6 8
2 4 6 8



















0 2 4 6 8
0 2 4 6 8
Pass
Figure 13. Plots of proportion of species versus number of electric-seine passes for sites
sampled during the multiple-pass component of the project. The dotted horizontal lines
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Figure 14. Plots of proportion of species versus reach length for sites sampled during the
length component of the project. The dotted horizontal lines indicate 90% of the total
number of species collected at each site.
























N (^ < 4, ( <























































CONDITIONS DESCRIPTION OF CHARACTERISTICS
Relatively high Low gradient with Intermediate gradientIntermediate gradientClarity and gradient with moderate water with predominatelywith predominately
gradient moderate water clarity to turbid clear water
,. clear water
clarity conditions
Moderate to high Cover dominated by Low to moderate
Cover cover dominated by wood (e.g., cover that is a mix ofCover wood (e.g., logs or
cobble, boulder, or sticks) cobble, boulders,
vegetation vegetation, or wood
Predominately coarse Predominately clay
Substrate gravel, cobble, or and/or silt, may have Predominately sand
boulder, with or exposed bedrock and/or fine gravel
without bedrock areas
Depth and width Channel is moderate Channel is deeandChannel is fairly depth Channel is deep and
shallow and wide t nro moderate width
to narrow width
II_ I
*1 KLA K( LEAST MODERATE GREAT
EFFICIENCY EFFICIENCY EFFICIENCY
Figure 16. Flow chart for rapidly assessing stream conditions and subsequently choosing an
efficiency group. A potential sample site should be attributed to an efficiency group according to
which column describes the majority of instream characteristics.
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Figure 17. Plots of proportion of fish species versus reach length for sites sampled
during the length component of the study. Observed proportions (i.e., the actual
proportion of the community collected over a given reach length) are represented by
solid lines (m). Average proportions (i.e., those based on 200 Monte Carlo simulations
that incrementally constructed hypothetical series of reach lengths) are represented by
dashed lines (*). The dotted horizontal lines indicate 90% of the total number of species
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50 150 250 350 450
Length (m)
Figure 18. Example plot of proportion of fish species captured at different reach lengths with
multiple passes of the electric seine. All species accumulation curves are representative of
streams belonging to the "moderate" sampling efficiency group. The circle highlights the
difference in proportion of species captured with additional passes when length is held
constant at 250 m.







50 150 250 350 450
Length (m)
Figure 19. Plot of proportion of fish species captured at different reach lengths with a single
pass of the electric seine. Species accumulation curves are representative of streams
belonging to different sampling efficiency groups (i.e., great, moderate, and least). The
three vertical arrows indicate the reach length that needs to be sampled in order to capture










50 150 250 350 450
Length (m)
Figure 20. Example plot of total index of biotic integrity score calculated at different reach
lengths with multiple passes of the electric seine. All species accumulations curves are
representative of streams belonging to the "moderate" sampling efficiency group. The circle
highlights the difference in index of biotic integrity scores with additional passes when
length is held constant at 250 m.
-" - m Pass 1
- -- * Pass 2
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150 250
Length (m)
Figure 21. Plot of index of biotic integrity (IBI) at different reach lengths with a single pass
of the electric seine. Curves are representative of change in IBI over reach length for
streams belonging to different sampling efficiency groups (i.e., great, moderate, and least).
































50 150 250 350 450
Length (m)
Figure 22. Example plot of proportion of fish species captured at different reach lengths
with a single pass of the electric seine. Species accumulation curves are representative of
streams belonging to different sampling efficiency groups (i.e., great, moderate, and least).
The three vertical arrows indicate the reach length that needs to be sampled in order to
capture 90% of the total number of species collected during the study. The shaded rectangle
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